proach. 4 This procedure allows the surgeon to perform anterior decompression for the treatment of thoracic OPLL more safely and effectively than conventional procedures. This approach is especially useful for cases of beak-type OPLL, which is known to be the most complicated surgically. 7, 10 In our clinical cases in which the ossified PLL was floated during the procedure, we observed gradual spinal cord decompression caused by migration of the floated plaques after surgery ( Figs. 1 and 2 ). The purpose of this study was to address this phenomenon and evaluate the clinical outcomes after anterior decompression via our procedure.
methods patient Selection
Between 2011 and 2013, a total of 12 patients with thoracic myelopathy due to OPLL were surgically treated at our institute. Six patients with beak-type OPLL in the thoracic spine underwent anterior decompression and instrumented fusion via a posterolateral approach. The other 6 patients, who exhibited other types of OPLL, underwent posterior decompression and instrumented fusion. Among the 6 patients who underwent anterior decompression, removal of the ossified PLL was performed in the 3 patients who were treated first and floating was performed in the later 3 patients. In this study, the clinical and radiographic outcomes were primarily examined in patients who were treated with the plaque-floating technique.
clinical and radiographic parameters
The surgical outcomes were assessed according to the Japanese Orthopaedic Association (JOA) score for thoracic myelopathy (total of 11 points), which was derived from the JOA scoring system for cervical myelopathy after eliminating the motor and sensory scores for the upper extremities, 9 and the Hirabayashi recovery rate. 2 JOA scores were recorded both before surgery and at their maximum point after surgery. The Hirabayashi recovery rate (%) was calculated using the following formula: (postoperative JOA score -preoperative JOA score)/(11 -preoperative JOA score) × 100. The OPLL occupying ratio in the canal diameter and the migration distances of the floated plaque at 1, 3, 6, and 12 months after surgery were measured using multiplanar reconstruction CT (Fig. 3) . The anterior decompression ratio (%) was defined and calculated using the following formula: (migration distance of the floated plaque/maximum sagittal length of the plaque) × 100 (%).
Surgical procedure
With the patient in a prone position, we performed a total resection of the posterior vertebral elements at the anterior decompression levels. This maneuver included not only laminectomy but also removal of the transverse processes and pedicles, thus allowed the creation of space bilaterally at the sides of the dural sac for the subsequent anterior decompression. The thoracic nerves at the anterior decompression levels were ligated bilaterally and lifted to improve the viewing of the ossified ligament and the anterolateral aspect of the dural sac. An anterior decompression was then performed posteriorly. Using these surgical maneuvers, the ossification was floated without difficulty (Fig. 4) . Removal of beak-type ossification was also achieved using this technique in the earlier 3 patients with exfoliation of adhesions between ossified ligament and the ventral aspect of the dural sac after floating of plaque. 4 In every step of the anterior decompression, the space created at the bilateral sides of the dural sac and the view created by lifting up of the ligated nerve roots allowed us to see the ossified PLL and the anterolateral aspect of the dural sac directly and easily and use a bur safely (Fig. 4) . We placed posterior pedicle screw instrumentation and performed posterolateral fusion using local bone chips obtained from the resected laminae and transverse processes. In the 3 patients who were treated with plaque floating (that is, those who were treated later in our experience), kyphosis correction with posterior instrumentation was applied after floating because we observed with ultrasonography that the floated plaque was still causing some spinal cord compression. Our technique allows easier kyphosis correction because the thoracic spine at the decompressed levels becomes more flexible after removal of the transverse processes and pedicles than it is when treated via the conventional posterior approach. The advantages and pitfalls of this surgical technique have been described in detail elsewhere.
results clinical Outcomes
We used this surgical technique to treat 6 patients with beak-type OPLL in the middle thoracic spine. The complete removal of the ossification at the anterior decompression levels was achieved in 3 patients. Adequate plaque floating was achieved in the other 3 patients. Anterior decompression was performed at 2 consecutive vertebral levels in 5 patients (Cases 1, 2, 3, 5, and 6 in Table 1 ) and at 3 consecutive vertebral levels in the remaining patient (Case 4). In all 6 patients, 2 pairs of thoracic nerve roots were sacrificed. There was no significant girdle pain requiring medication after surgery. A temporary mild neurological deterioration, evident in muscle weakness of the lower extremities and resolving within 1 month after surgery, and a minor dural tear occurred in 2 of the patients who underwent complete removal of the ossified PLL (Cases 2 and 3, respectively). No significant complications such as dural tear or neurological deterioration were encountered in the patients who underwent plaque floating. The recovery rates were 52.4% in the removal group and 60.0% in the floating group (Table 1) .
Outcomes of the radiographic parameters
The mean OPLL occupying ratio in the floating group was 85.3%. In all 3 floating group patients, a minimum concentric bone resection was observed in the posterior portion of the vertebral body, and the floated plaques gradually migrated into the ventral bone resection areas ( Figs.  1 and 2 ). The mean floated plaque migration distances were 2.4 mm, 4.3 mm, 4.7 mm, and 4.8 mm at 1, 3, 6, and 12 months after surgery. In all 3 patients, bony fusion between the floated plaque and the vertebral body was observed via CT at 12 months after surgery. The mean anterior decompression ratios were 23.5%, 42.2%, 45.5%, and 46.8% at 1, 3, 6, and 12 months after surgery (Table 2) .
discussion
The outcomes of surgical treatment of thoracic OPLL compare unfavorably with those of cervical OPLL. 6 The thoracic spine is naturally kyphotic, and posterior decompression is thus less effective because the backward movement of the spinal cord is restricted. Obviously, anterior spinal cord decompression is ideal for thoracic OPLL if it can be achieved safely and effectively. In all patients in this series, this procedure was used to sufficiently float the plaques of beak-type OPLL without difficulty. A main advantage of this procedure is that it provides more space at the bilateral sides of the dural sac for maneuvering in the anterior decompression relative to the conventional posterior approach. This space in combination with lifting of the ligated thoracic nerves also allows surgeons to directly visualize the OPLL and the anterolateral aspect of the dural sac. In this procedure, surgeons can perform anterior decompression with adequate recognition of the position between the OPLL and the whole dural sac, and this information facilitates the anterior decompression procedure. This advantage is not afforded during anterior decompression via an anterior approach. We therefore consider that our approach is the safest and most feasible surgical procedure for floating the plaque in patients with beak-type OPLL.
On the other hand, the ossified ligament tends to adhere strongly to the ventral aspect of the dural sac, thus increasing the difficulty of direct removal and the risk of spinal cord injury. Considerable improvements in myelopathy were observed during the postoperative course in all patients who underwent anterior decompression via the procedure described in this study. However, 2 of the 3 patients who underwent removal of the floated plaque experienced significant complications, including a dural tear and temporary neurological deterioration. In this study, the final recovery rate of patients who underwent plaque floating was equivalent to that of patients who underwent plaque removal, and the former had no significant intraoperative or postoperative complications. This result demonstrates that plaque floating via this procedure is sufficiently effective for anterior spinal cord decompression and serves as the most appropriate method without significant risks.
For every case in which the ossification was floated, migration of the floated plaque into the ventral bone resection area was observed during the postoperative period. This migration had gradually and obviously advanced at 6 months after surgery. Additionally, the majority of the migration had occurred by 3 months after surgery. This is the first report to describe this migration phenomenon in anterior decompression for thoracic OPLL. The CT myelograms obtained 1 month after surgery revealed spinal cord decompression resulting from adequate floating of the ossified PLL (Figs. 2 and 3) . The subsequent plaque migration both demonstrated that floating had been completely achieved and provided additional spinal cord decompression during the postoperative course.
conclusions
Floating of the ossified PLL via our posterolateral approach-based surgical technique was safe and effective in patients with beak-type OPLL in the thoracic spine. Gradual migration of the floated plaques provided additional spinal cord decompression during the postoperative course. CP = cerebral palsy; DM = diabetes mellitus; HT = hypertension; JOA = JOA score; LC = liver cirrhosis; neurol deter = neurological deterioration; OR = occupying ratio; RF = renal failure. * In Case 1, the total JOA score was calculated as 8 points by eliminating the score of 3 points for bladder function due to the patient's anuric renal failure. † In Case 5, the total JOA score was calculated as 8 points by eliminating the score of 3 points for lower-extremity motor function due to the patient's cerebral palsy. 
